Abstract: This paper applies the smoothed particle Galerkin (SPG) method to the analysis of penetration and perforation of metal targets.
predicting the high strain rate nonlinear structural responses and 21 material failure in such impact processes is crucial to the design 22 of protective systems. Research on various aspects of impact phe- 23 nomena has been carried out for decades, such as predicting the 24 depth of penetration (DOP); perforation exit velocity; failure modes 25 of targets (e.g., stretching, bending, spalling, petalling, discing, and 26 plugging); and the effect of the nose shape and aspect ratio of pro- 27 jectiles, the material responses of projectiles and targets, and so on. 28 In general, three approaches, namely experimental (Chandel et al. and Lin 1987) was an early effort in this regard and it is still used 69 in some analyses (Xiao et al. 2017; Rajendran 1998 The SPG weak form is based on the penalty method (Wu et al.
on Γ g g 10 11 such that
where Ω 0 = initial domain occupied by the material; ρ 0 = initial 179 material density; and Γ g = Dirichlet boundary applied with 180 Dirichlet boundary conditions.
181
The variation of deformation gradient F and enhanced deforma-182 tion gradientF for stabilization are defined as The external force is given as
where b = body force; and h 0 = surface traction applied on the In Eq.
(1), P denotes the nominal stress which can be related to 198 the Cauchy stress σ in metal plasticity by 
Consequently, the enhanced nominal stress for stabilization can 206 be expressed byP = lumped nodal 220 mass matrix of node I.
221
Using the particle integration (DNI) scheme, the internal force 222 and stabilization force are computed by
The nominal stress P defined with respect to the reference con-224 figuration in Eq. (12) can be expressed by the Cauchy stress σ for 225 convenience in metal plasticity computations. Using the Voigt rule, 226 the internal force can be calculated by
Similarly, the stabilization force can be expressed as Eq. (2) can be rewritten (Wu et al. 2016a (Wu et al. , 2017b as
where _ F nþm ð_ xÞ = decomposed deformation gradient, from t ¼ t n to 255 t nþm , computed in the new reference configuration _ X ¼ xðX; t n Þ 256 and is given by be redefined as
where 
356
(2017a) identified the feasibility of this discretization. To study 357 the convergence behavior, four discretizations were used (Fig. 3) .
358
The nodal distances in these four discretizations were 1.6, 1.0, The parameters were taken from Schwer (2009 for the discretization in Fig. 3(c) . The difference between the 423 numerical solutions was marginal. 
433
Effect of SPG Zone Size
434
The previous SPG solutions were obtained using the discretiza-435 tion in Fig. 3(c) or 13(a) , in which only a central area of 
